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1. INTRODUCTION a. The XM-1 system will incur no
catastrophic component failure to any of the

1.1 Scope test EMP simulation methods.

This document describes in detail b. No irreversible transient upset
the test approach, functional tests, support re- responses will occur
quirements, safety procedures, instrunienta-
tion, simulators, and specific procedures for r The imount of test time
the XM-1 tank susceptibiiity and survivability devoted to a particular subsystem will be
test The approach is designed to give high reldted to the Chrysler confidence improve-
confidence level results with a test sample of ment factor (CIF) assigned to that subsystem
one It incorporates simulator illuminations, Subsystems with the highert CIF's will receive
eiectromagnetic scale modeling, and cable the largest amount of time.
driving technology

d. The performance ,:haracter-
1.2 Test Program Purpose and Ob- istics of all critical subsystems in the tank will

jectives be determined prior to and immediately after
both Army EMP Simulator Operations

Purpose.- The purpose of this test (AESOP) (one-half "threat" and full "'threat")
program is to determine the susceptibility and Iluminations and the current injection of[ ti.e survivability of the full scale engineering selected cables The tank's automatic check-
development (FSED) model of the XM-1 to an ing system will be used as well as engineering
exoatmospheric electromagnetic pulse (EMP) judgment of experienced personnel The
environment, This program is part of the XM-1 diagnostic test sets will be used if it is be-
Development Testing, Phase II (DT-Il), In. lieved that a permanent failure has occurred
tegrated Test Program.

1.4 Background
, Obiectives.-The objectives of this

DT-II EMP test of the XM-1 are as follows. During May and June 1977, the

PV-31 version of the XM-1 was tested by
a To assure, by judiciuu, com- Chrysler at the Hdrry Diamond Laboratories

bination of field testing and electromagn-tic (HDL) Woodbridge Research Facility (WRF).
scale modeling, that all aspecti of the exoet- The results of that test have been reported
mospheric EMP threat have been considercd Those resul;, have been rev~ewed with

respect to technical accuracy and adequacy
b To perfosm adequate checks on to meet the s(ated conclusions.

the tank subsystems to ascertain any failure
occurring as a rpsult of the FMP testing In addition, the results of the

ti Chrysler test on the PV-31 have been
c To take sufficient diagnostic evaluated in the light ot its being integrated

data to validate Chrysler's design criteria at into the test of the FV-4 version of the XM-1.
the box and subassembly levels Every tflort t's been made to minimize new

test data requirerents by -. ing the results of
1.3 .'.. sceptilility - and Survivebility: the 1977 DT-I test.

Priteria . C en
f 'EMP Test Lata Reduction and Analysis forIPerformance criteria for this en- the PV.31 Vehic'e, Chrysler Sterling Defense

't vironrment can be summarized as follows: Division, Sterling Heights, MI (july 1977).
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II

1 5 System Description stabilization, thermal night vision, a-,'d gun-
ner's primary sights

The XM-1 system is a main battle
tank weapon operated by a four-person crew
consisting of the commander, the gunner, the The XM-1 to be tested is csignated
loader, and the driver The main weapon is a the FV-4. Eighty percent of the eluctronics in
105-mm cannon mounted on a 360-deg rota- this tank are the same as in the PV-31 tested at
tional turret A caliber 0 50 machinegun is WRF for Chrysler by HDL in May and June
mounted coaxially with the main gun The 1977 Some physical changes have been made
commander's weapon station also is with regard to locations of certain subsystems
equipped with a caliber 0 50 machinegun and associated electronics. The-;e have
mounted externally on the turret roof. The necessitated the rearrangement of certain
loader's weapon station is equipped with cable routing In addition, the following sub-
three pintle mounts to accommodate a systems have been added to the FV-4:
7 62-mm machineguri.

The XM-1 system weighs 58 tons and a. Night vision system
is powered by an electronically controlled b Fuel management system
AGT-1500 turbine engine with an X1100-3 c. Grenade launcher system
hydrokinetic transmission d. Radio communication using

external wire
Primary electrical power is provided

by four 12-V batteries arranged in a series
parallel network to provide 24 V for the
system The battery-charging network consists 2. TEST APPROACH
of an oil-cooled alternator and a solid state
regulator 2.1 General

Electrical power is distributed The AESOP and Repetitive Elec-
through a two-wire-isolated return, electrical tromagnetic Pulse Simulator (REPS) at WRF
sstem A separate power bus is maintained can achieve uniform peak threat level fields
for isolation of sensitive control circuits The only over a relatively small test volume, for a
power ground wire is routed with the cor- very limited range of angles of incidence, and

= responding hot wire in a twisted pair for elec- for principally horizontal polarization of the
tromagnetic compatibility (EMC) control. electric field vector. The Vertical EMP

Electromagnetic interference (EMI) shielding Simulator (VEMPS) produces a non-threat-
is used on cable harnesses and electrical related vertically polarized waveform.

equipment enclosures

Communication is provided by a The concept of 'Jsing cable driving
Government-furnished ANIVRC 12 radio and technology to drive above threat level cur-
an AN/VIC-1 intercommunication set with rents on the outer sheaths of interior cables
provisions for a voice security unit allows a high confidence level test to be per-

formed. The overstressing of the system
'[he fire control network comprises allows one to account for the statistical varia-

a solid state ballistic computer, a crosswind tions in semiconductor component damage
sensor,, line-of-sight data link transfer,, a laser parameters as well as for the illumination
rangefinder, main gun and turret drive limitations of the simulators.

6
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Tne approach to be used is basically b To assure, by judicious corn-
the following bination of field "esi 'ig, analytical calcula-

tions, and electromagnetic scale modeling
a Scale modeling will be used to that all aspects of the exoatmospher' EMP

help determine worst case coupling orienta- threat have been considered.
t~ons

c To perform adequate checks on
b The FV-4 will be illuminated the XM-1 subsystems to ascertain any failure

with sub-threat-level horizontally polarized occurring as a result of the EMP testing
fields in the REPS or the AESOP and vertically
polarized fields in the VEMPS to determine 2.3 Oveiall Program Activity Flow

5 , bulk current waveforms on interior cabling
Figure 1 (p. 8) expresses the relation-

c Critical circuits, harnessing, and ship between the essential ,ctivities required
wiring will be identified. and their responses to determine the susceptibility and the sur-
will be recorded vivability of the FSLD model of the XM-1 to

an exoatmospheric EMP environmnnt. This
d The FV 4 will be subjected to procedure in general uses existing EMP te.t

peak threat level 1,elds at the AESOP for the facilities and state-of-the-art experimental
worst case horizontal polarization coupling tools to provide a high confidence level
orientation at one angle of incidence, assessment of system vulnerability.

e Selected cables will be inje-ted 2.3.1 Review of Previous Work
with threat-level and above-threat-level cur-
rent waveforms bv using cable driving As a result of the PV-31 test at
technologN to validate the design criteria at WRF,' nrysler generated Revised EMP Protec-
the box and subassembly levels. The tion Guidehnes for FSEI: XM-1 Tanks.' These
waveforms will replicate the external field in- new guidelines were expectitd to allow more
duced waveforms. exact protection design ano also to reduce

hardening cost. Chrysler stated tha' the

f System upset and damage will results of the EMP test indicated that a
be determined, number of the PV-31 assumptions for harden-

ing were too pessimistic, but that the results
2.2 Test Data Requirements of the test could be used wah other data to

define new, more realistic guidelines.
Requirements for test data are

these The data include input impedance

measurements for PV-31 electronic sub-
a ro provide sufficient diagnostic systems and also actual ZMP test data for

ate (current and voltage time domain semiconductor devices. The unknown factors
.aveforms) so that (1) if upset or damage oc- listed by Chrysler were the following:

curs, it can De determined wha. happened
and why it happened with res,.,ect to the a Not 7:. wires or cable sheath
design of the system, (2) a system response current.. have been measured for EMP in-
data base is aailable for pe.forming any duced currents.
subsequent he dening analysis in a cost-
effective manuier, and (3) a basis is available I V. Formanek, Design Data Sheet, Chrysler
tor evaluating any future design changes in Sterling Defense Division, Sterling Heights, MI
cost-effective manner. (8 July 1977).
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b rlhe EMP test d u' have not b. Although specific EMP dam-
ben btindfor all angles of incidence of age data are not available for all subsystems,

.there are enough data to formulate worst case

EMP failure levels for all devices by using
c.The systems and the cable either data for that device type or worst case

rouin fr heFV-4 will not be identical to data for the family of which the device is a
ft PV-31, the tank used for the EMP member.

i ,No EMP damage data exist for c. The EMP ring frequency and

mny f l,. nterface semiconductor devices ring down time will remain the same for the
! ob se nte FV-4 systems FV-4 as for the PV-31.

i i Chrysler makes the following
simplifying assumptions: The data resulting from the May

and June 1977 EMP test on the PV-31 were

• Ii tion is not available for the exact systems to stitute (IITRI) and presented in a test report1

be used in the FV-4, it may be assumed that (1) Presented in table 1 a3re worst case values
= ~~the peak cable sheath currents will not be from the data obtained and notnesarl
i~i greater for the FV-4 than for the PV-31, but the absolute worst case coupling conditions

will just occur on different cables, (2) the for the tank.
worst case cable shielding will be the same

' for the FV-4 as for the PV-31, and (3) in the
' worst case, variation of angle of incidence
Swill not change the peak induced currents, 'EMP Test Data Reduction and Analysis for

t but will merely move those peaks to other the PV-31 Vehicle, Chrysler Sterling Defense
o wires or cables. Division, Sterling Heights, Ml (July 1977).
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r TABLE 1. EMP DESIGN GUIDELINES FOR FV.4 TANK this frequency appeared in approximately 80
percent of the measurements and was the fre-

Parameter Worst case
measured value auency of the highest values of induced cur-

_rent in the tests.
Cable sheath current 10.46 A

Tank attenuation 40 dE Chrysler modified the design
guidelines presented in table 1 to account for

Cable shielding (sheath/bulk) -178 d8 the fact that the experimental data were ob-
tained for only a limited number of cables

Worst case division of bulk current 1296 and angles of incidence. Chrysler believed

Wire currents 0 242 A that the best way to ensure the EMP hardness
of the XM-1 would be to increase the design

Decay time of current pulses 0.5 Js hardness level of each system within the tank
as a function of the importance of each to the

Ring frequeny 20 MHz tank's mission.

Note- Values to be used for FV-4 EMP design Table 2 ranks the XM-1 system as a
(I ()mx =l(t,) v.) w - 17 Is d! =- n. A, function of importance to the mission The

class I system is the most critica! to mission
(VOc~ =(0 455X2.96%X16 o)=- 21.8 V, performance, and the class IV system is the i

least important. Each of the systems ranked in
where cable Z, = 16 Q table 2 is assigned a CIF that will increase the

Ema = [IscjVoc/2 ] (0 5 ) 2 48 mi. hardness of the system. The CIF is applied to
the energy deiivered to the interface semicon-
ductor device and not to the total energy
available. The choice of the magnitude of the

These values are obtained in the ClF's is based on the DNA EMP Awareness
following manner. To find the worst case wire Course Notes.' A CIF of 20 dB was chosen for

s(sc), the worst case bulk core current class I systems to account for various factors
is found by multiplying the worst case cable that may not be calculated accurately and to
sheath current (10 46 A) by the worst case allow for the large variation of device damage
cable shielding (-178 dB) as found by the constants from vendor to vendor and lot to
EMP tests. The worst case wire current is lot This 20-dB CIF is reduced by Chrysler for
found by multiplying the bulk core current by the class II through IV systems for the follow-
1/2 96, which is the worst case ratio between ing reasons:

the bulk core current and an individual wire
current measured during the EMP tests The a The EMP coupling data used
Zn (characteristic impedance) of 16 for the in system design are based on real system

4 cable is an estimate for multiconductor data so that some of the unknown factors
cables of the type used in the PV-31. The have been reduced.
worst case open circuit voltage (Voc)max is ob-

Stained by multiplying the worst case bulk b. The analysis depends upon
core current by the Zo of the cable The max- estimates of EMP coupling that tend to be
imum available energy is found by multiply- pessimistic in most instances considpred
ing Voc and Isc together, dividing this result 3DNA EMP Awareness Course Notes, liT
by two, and multiplying by a representative Research Institute, Chicago, IL, Contract with
time for the current pulse as measured. The Defense Nuclear Agency, Washington, DC,
ring frequency of 20 MHz was chosen since DNA 2772T (1971), 98.

A 
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c. Not all the systems are re- TABLE 3. CONFIDENCE IMPROVEMENT
quired to be functional after exposure to EMP FACTORS FOR XM-1 TANK SYSTEMS
threats. Class Confidence improvement

factor (dB)

I 20

TABLE 2. RANKING OF XM-1 MISSION CRITICAL SYSTEMS II 16
III 10

Class System IV 6

I Personnel safety

Fire extinguisher Altiough susceptibility data for all

I Requirement for minimum combat performances the semiconductors used in the XM-1 do not
exist, enough data on similar devices and

ng~ne controls devices of the genera are available so that

Primary weapons device susceptibility can be estimated

Night vision according to Chrysler.

computer electronics Table 4 presents EMP damage
Laser rangefinder data that will be used for FV-4 EMP design

Line-of-sigt stabilization These data4 represent the worst case damageI ' for each of the generic device types for a
Gunner's primary ight pulse with a width of 0.5 ps, which represents

Alternator and regulator the pulse width of the EMP induced
waveforms within the tank.

SII Secondary weapons

i Commander's weapon station 2.3.2 Electromagnetic Scale Modeling
IV Nonmission-critical

Objectives of modeling.- The ob-
Crosswind sensor jectives of the scale modeling effort were to t
cant sensor determine how both the exterior surface cur-

rents and the interior cable currents of the
Fuel senior XM-1 changed as a function of angle of in-
Malfunction indicator cidence of the EMP and to investigate the

-'20 MHz ringing in both specific surface cur-
rent measurements and most of the interior
cable current measurements on the PV-31.

1 :Table 3 gves the CIF's for all Experimental results. -A 20.1 scale
4classifications Chrysler adds a caution, It IS model of the XM-1 was built of brass. The

envisioned that cables that penetrate thetank model has a removable turret and easily

fmay be routed in cable harness that carry allows for cutting slots in its skin for monitor-
1signals between systems When this routing ing surface current using a Tektronix CT-1 cur-

exists, the protected inputs from those cables reit probe (fig. 2)
must be protected with the next highest CIF.
This protection is required because of cross
coupling between !he wire~s of the bundle tha,* 4SUPER SAP 2 Experimental Data Bank, Air
connect to the sensitive system and the cable Force Weapons Laboratory, Kirtland Air Force

that penetrates the hull of the tank Base. NM In.d..

10

w .- j4''~ -~ ~ . _ _ _ _ _



TAB.LE 4. EMP E:NERGY LIMITS FOR VAlRUS INrER'ACI D)LUCrS

Devuice Input (wFieh'c,1 Ottpul (drivirr)

Line ro eiver or drive'r i0 V iwt'L ( 5 1.. ?5 PI SO W IM'.!I (1 3 P.1 211 111

Transtcoc Ir.insistor logo 1 ')3 WV pit-k (0 r) IT, 0 7
61l pi 0I 4? %% peal, (0 5) ps) 0 21 p1

Bilolar (1peratioaa anipliiovi I W joeal -05 V5). 1 SP VI 12 W pe*al, (0 5 p451, 6P0 1

C oiitplvtemt-t . metal oxide AI%%,, 5. prole i- to overvol tage 0 7 WV pe al (0I - ps). 0 15 ;1)
NV('II(,dl, I or

Diwcre'ic To be~ dt-e-, nnezcI fcd,f h (I'm ir To , -1-' c i. en iniec for v-ur tIc r o:I( front

fronertt i l ii dat a re'kvant (1,11.

I tI I AvIPOI 0c0h! 93 Ft ABOVIGPA.N

Me
.1ITN k 2T IIV

__W'

740 FtO .91,11111

Figure 2. Siorface current monitor points on FV-4
version of XM-11 tank.

Shown in figures 3 and 4 are peak the current on a wire in the hull parallel to the
turret surface current (refer to fig 2. position width dimension of the tank. The wire is
4) plotted as a function of the angle of in- soldered to the walls Again, a comparison to

cidence for broadside illumination In figure a sine wave dependence is shown.
.4 3, the turret was electrically isolated from the

hull by masking tape; in figure 4, the turret In the PV-31 test, a ring frequenc-
and the hull were making electrical contact, of "'20 MHz was seen in some of the surface
Comparison is made to a sine wave functional current measurements This frequency was
dependence with elevation angle seen also ir, the data taken on the hull

harnsses and associated individual wires. It
was deemed important to (1) verify that in.

Figure 5 shows the hull surface deed this frequency was actually due to a
current (refer to fig 1. position 1) as a func- tank resonance and not to perhaps some in-

Ation of angle of incidence with a comparison strumentation problem and (2) understand its
to a sine wave dependence Figure 6 shows nature

J1
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0 10 20 30 40 50 00 10 10 90 0 10 20 3..0 4'0 00 O 70 t0 N0

INUMI~ ANWIGLDC OVERHEAD INCIDNCE ANGLE IOEGI OVEAHEAO

Figure 3. FV-4 turret surface d.rrent (position 4) Figure 5. FV-4 hull surface current (position 1).
with turret isolated electrically from hull.

IIN

* 10 - - - - - -

0 10 20 30 40 0 6 70 S H

Figure 4. FV-4 turret surface current (position 4) INIENE AMBLE (0(07 OVERHEAD

with turret making electrical contact with hull. Figure 6. Current on wire in FV-4 hull (parallel to
tank width); data points are every 10 deg, and
other points are extrapolated.

Shown in figure 7 is the effect of
electrically connecting the turret to the hull
on the turret current. The ringing is eliminated Figures 9 to 11 show the effect ofIwhen the turret and the hull become one the gun barrel on the hull surface current. The
metallic body Figure 8 shows the current with presence of the gun barrel overhead causes
the turret isolated from the hull, the ringing to be seen.

12
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2 ni/DIV 2 ns/DIV

Figure 7. FV-4 turret skin current with turret elec- Figure 10. FV-4 hull current with turret not

trically connected to hull; angle of incidence is 45 isolated from hull; angle of incidence is 45 deg;
deg. gun barrel is overhead of slot.

Cocusos -Tes conluson
, I-

- nsDV2 ni/DIV

Figure 8. FV-4 turret skin current with turret elec- Figure 11. FV-4 hull current with turret isolated

trically isolated from hull; angle of incidence is 45 from hull; angle of incidence is 45 deg; gun barrel1
Sdeg. is overhead of slot

] Conclusions. -These conclusions

can be drawn from the FV-4 scale model cur-

/a rent measurements:

I- -- a. The response of the hull sur-
S- face current (position 1) is essentially

sinusoidal with the angle of elevation.

2 ns/b. The response of the turret sur-
2 ni/DIV face current (position 4) peaks at 45 deg when

Figure 9. FV-4 hull current with turret not isolated the turret is isolated from the hull. This

from hull; angle of incidence is 45 deg; gun barrel response is somewhat distorted when the tur-

is not overhead of slot. ret and the hull make electrical contact.

11 1 3
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c The response of the wire define the incident, scattered, and pene-
(simulated cable) in the hull is essentially trating electromagnetic fields.
sinusoidal with the angle of elevation.

b Bulk shield current on cables
, d The ringing seen in the turret entering subsystems

surface current can be eliminated by elec-
trically connecting the turret to the hull at the c. Total wire currents (cores) on
turret-hull interface cables entering subsyst.ms

e. The ringing seen in the hull d. Selected individual wire cur-
surface current appears to be due to the prox- rents
imity of position 1 to the gun barrel. No ring-
ing is seen in the hull data'for other positions. e. Selected differential voltage

measurements
S2.3.3 Full Scale Testing

2.3.5 Extrapolation of Test Results to
Full scale testing of the XM-1 will Threat

take place at WRF. Use will be made of the
horizontally polarized REPS to obtain low Because of the complex interac-
level diagnostic data. Specifically, the outer tion of an incident transient electromagnetic
sheath currents flowing on the harnesses will wave with a metal object resting on or near. be measured. The vertically polarized VEMPS the ground, it is not readily obvious how the
will be used to measure harness sheath cur- currents on the surface vary as a function of
rents, the angle of incidence Of even more com-

plexity is the coupling through apertures on

The AESOP will be used for bulk the body as a function of angle of incidence.
core current and circuit level voltage and cur-
rent measurements. It will be used for func- These questions are of practical in-
tional testing at one-half threat and full terest in EMP testing since all angles of in-
threat * cidence are not available for illuminating the

test object because of inherent simulator
2.3.4 Measurements limitations. Consequently, a knowledge of

how the induced currents vary with incidence
The following kinds of angle is important so that the measured data

' measurements using state-of-the-art in- can be extrapolated to worst case threat with
strumentation (see app A) will be made at reasonable confidence For this knowledge,
several levels of the system including critical the scale modeling technology is useful. The

Ssubsystems, harnessing, and communication formula for computing the worst case threat
system interfaces (app B diagrams specific is
measurement locations)*

a. Electric and magnetic field IT(t)= KI(t)

components where necessary to adequately

where

*Because of the inability to achieve all

angles of incidence, full threat cannot be ob- li(t) - the current at the same
tained, point scaled up to the worst case threat,

14
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K = a number determined from the 2.3.6 Survivability Statement
scale modeling results (the ratio of the peak
current at the worst case angle to the peak In cooperation with the U.S. Army
current at the test angle), Test and Evaluation Command (TECOM), HDL

will prepare an EMP survivability statement
(t) = a current induced in the for the XM-'i This statement will be based on

system, from a simulator illumination at 50 the ability of the system to meet all of its
kVm, at the test angle operational requirements after being sub-

lected to a simulated EMP.
For the XM-1, the extrapolation to

and above threat will be attained by using Should the system fail to meet all
cable driving technology. Specifically, operational requirements, the specific
replicas of the field measured waveforms will vulnerabilities, reaction times, and losses of
be inductively induced onto the outer shield system capability will be identified. All func-
of selected internal harnesses. tional test results, pertinent simulation data,

and test diagnostic data will be provided to
facilitate EMP hardening program decisions

In effect, the system will be by the appropriate Government agencies.
stressed one or more subsystems at a time.
Conceptually, if one is able to drive all input 2.3.7 Analysis
cable sheaths to a particular subsystem with
replicas of waveforms (the same current and Failure analysis.-If during the
charge distribution) as seen by those cables conduct of the test a failure occurs, it will be
when illuminated by an EMP, then as far as Chrysler's responsibility to isolate the prob-
this subsystem is concerned it cannot dis- lem so that the test may be continued with a
tinguish between an EMP and an artifically in- minimum of delay. When the failed com-
duced current situation Thei, one can think ponents have been identified, HDL will
of testing a complex system by inducing a analyze them to determine if the failure is
threat or an above-threat situation on an in- related to EMP.
dividual subsystem while the total system re-
mains functionally intact. Functional integrity EMP data analysis.- Using diag-
can easily be checked before and after nostic data from the FV-4 or the PV-31 test,
testing. HDL will isolate the cause of the failure

Subsystems connected to the 2.3.8 Final Report
same harness as the subsystem under test can
potentially see the threat or above-threat The final test report will contain
waveforms due to direct coupling. These sub- the following items-
systems should be monitored luring testing.
Subsystems connected to other harnesses will a Pertinent diagnostic test data
be loosely coupled to the drivers Conse- scaled up to threat
quently,, they will see sub-threat-level pulses
for all but perhaps the highest driver levels. A b Documentation of all upsets
more detailed discussion of in-situ harness in- and failures
jection is beyond the scope of this report This

!subject will be covered in some length in the c. Failure analysis if required

final report.
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d EMP data analysis if required degradation in performance is observed, the
to isolate causes of failure XM-1 will bE subjected to the next highest

level, and the above procedures will be
e. Field monitor hard copies of repeated If performance degradation is

EMP waveforms observed for any subsystem, the fault will be
isolated to individual circuit boards. The

f Detailed description of each defective circuit board will be replaced with
test setup known good boards if these are available, and

checkout procedures will be followed for the
g. Detailed description of all subsystem that failed. When the subsystem in

checks on the XM-1 system and its subsystems question is functioning properly, the XM-1 will
be subjected to another 10 pulses, after which

h Recordings of all inspections checkout procedures must be repeated. If a
and significant check data failure occurs again, it will be isolated to an

individual circuit board. Whether failure

recurs or not, the XM-1 will be subjected to
3. SYSTEM FUNCTIONAL TESTS the next highest level to determine the sur-

vivability of the remaining subsystems. These
System functional integrity will be tested procedures will be followed all the way up to

during the following phases of the overall the maximum leveL All upsets and failures
test: will be documented appropriately.

a. Illumination of the tank to one-half
and full threat level fields at the AESOP 4. TEST SUPPORT REQUIRED BY HDL

b Bulk 5heath current injection of The following support is required by HDL
selected cables in the tank, minimum level of to conduct the EMP test on the XM-1:
excitation one-half threat level (bulk sheath
current as determined from simulator il- a Engineering suprort from Chrysler to
lumination), maximum level of excitation 10 isolate real.unctions
times threat, overstressing levels to be deter-
mined by the ranking of the mission critical b Trained technicians to test fynction-
system ing

The tank will be in a fully operational c Driver-mechanics

mode
5. SAFETY

Critical subsystems will be checked for
performance both before and after stressing 5.1 General
to determine if performance degraded per-
manently. For these tests, degradation is The XM-1 Taik Program FSED/PEP
defined as the failure of any subsystem to Phase, Safety Statersents will be in effect
meet minimum operational specifications. At throughout EMP testii g.
each level (for both AESOP illumination and
current injection), the XM-1 will be subjected 'XM-1 Tank Program FSEDIPEP Phase, Safety
to a minimum of 10 pulses before the system Statement, Chrysler Sterling Defense Division,
is checked out This subjection is to establish Sterling Heights, Ml, X-COOF-1 (12 January
confidence in the system hardness. If no 1978).
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5.2 Test Safety Respons;bility g. Ensure that appropriate com-
munication channels are established between

One Chrysler engineer and one HDL key test operators (at least among the overall
engineer will be designated as the responsible test director, the vehicle operator, and the
safety representatives throughout the EMP facility operator) before testing begins.
tests It will be the joint responsibility of the Establish an emergency backup communica-
two safety representatives to do as follows. tion system

a Inspect the test vehicle, its in- h. Monitor the safety aspect of all
strumentation, and the test facility to deter- EMP testing, and strictly enforce both the
mine readiness for testing HDL Safety Procedures for Simulator Site

Users and the XM-1 Automotive Test Rig and
b During operation of the tank, lei Pilot Vehicle ""V-31) Operating Instructions

no one enter the tank caution area or mount
the tank without consent of the tank crew. Critique each subtest to identify
During EMP tests, keep this area clear of per- any unexpected problem areas or safety viola-
sonnel at all times. tions, and include any necessary remedial ac-

tions in the briefing for the next subtest.
c "Safe" the laser rangef inder dur-

ing all testing, except when conducting laser 5.3 Test Operations
rangefinder system upset mode tests. Limit
laser rangefinder firings to only those re- Over and above the safety precau-
quired for upset mode tests. Enforce all laser tions and the requirements described, the
rangefinder range safety procedures* during following additional safety precautions will
any laser firings Ensure that protective gog- be enforced throughout the conduct of all
gles are worn by all test participants (except EMP testing
those in the tank) and observers during laser
firings, a. The perimeter of the operating

tank, described as 3 ft (0.9 m) beyond the end
d See that no live ammumition is of the main gun tube throughout its 360-dcg

on or in the tank during EMP testing excurio,,, will be roped off to define the
op,.rating tank caution area

e. Ensure that Chrysler and other
personnel not required in the tank during EMP b During operation of the tank, no
tests vacate the immediate area one wi!l enter the tank caution area or mount

the tank without consent of the tank crew.
f Brief all test participants on During EMP tests, this area will be kept clear

"A safety regulations and precautions before the of personnel at all times.

testing begins and also at the beginning of
each subtest.

,4 c The laser rangefinder will be
,____safed during all testing, except when the laser

*XM-1 Automotive Test Rig and Pilot Vehi- rangefinder system upset mode is being
cle (!V-31) Operating Instructions-Appendix tested laser rangefinder firings will be

A,, Electromagnetic Pulse Test Plan (PV-31), limited only to those required for upset mode
Chrysler Corp., Sterling Heights, MI, Report tests All laser rangefinder range safety pro-
XP7411-2 (5 April 1977). c-edures (XM-1 Automotive Test Rig and Pilot
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Vehicle (PV-31) Operating Instructions*) will d. No live ammunition will be on

be enforced during any laser firings Protec- or in the tank during EMP testing
tive goggles will be worn by all test par-
ticipants (except those in the tank) and e. Chrysler and other personnel
observers during laser firings, not required in the tank during EMP tests will

vacate the immediate area.

tA

13
i
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*XM-1 Automotive Test Rig and Pilot Vehi-
cle (PV-31) Operating Instructions - Appendix
A, Electromagnetic Pulse Test Plan (PV.3 1),4 Chrysler Corp., Sterling Heights, Ml, Report
?XP7411-2 (5 April 1977)
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APPENDIX A

The basic schematic block diagram (fig A-2. TRANSMISSION MEDIA
A-i) describes the elements in any standa
electromagnetic pulse (EMP) instrumentation The present state of the art provides
system. three di.ferent types of tranmission media

for EMP applications:

D '1 N_._ ,ltVAT a Multiple shielded cable
- A b. Optical data links

c Dielectric waveguide links

DATA Each of the three types can transmit
SITNA signals over distances to about 100 m ranging

from 100 kHz to 200 MHz. Optical data links

Figure A-i. Instrumentation for measuring and dielectric waveguide links provide dielec-
FMP related signals. tric isolation between the sensor and the

display systems This provision is advan-
In the conventional measurement, a single tageous for the simulated hostile EM? en-

wire current probe might represent the data vironment. Included are descriptions of the
acquision element; a coaxial cable, the transmission systems.
transmission media; and a single channel
oscilloscope and camera, the data display A 150-MHz fiber optic link has been
Data storage would be the project engineer's developed by the Harry Diamond Labo-
notebook. ratories (HDL) to transmit wide bandwidth

EMP response data over a nonconducting
The XM-1 tank Development Test, Phase II path This link consists of a self-contained

(DT-II), test will call upon a state-of-the-art in- battery-operated transmitter, a low-loss low-
strumentation system, but the same basic dispersion 100-m fiber optic cable, and a
block diagram still applies, receiver

This fiber optic system has been de-

A-1. DATA PROBE signed so that the transmitter responds to
commands from the receiver. Power on,

A wide range of probes is available for power o'f, remote attenuator commands, and
EMP measurements, and probe selection internal calibration commands are selected
depends on the measurement type to be per- from the receiver end and are transmitted to
formed. These are the basic probe types, the remote transmitter via a separate fil'er op-

tic cable. Transmitter electrical status (power
on and off, attenuator state, and calibrator)

a. Single ended voltage may be interrogated from the rec:eiver.
b Differential voltage
c Single wire current The overall system has the electr:cal
d Bulk cable current characteristics identified in table A-i. Tests
e Electric field are made with a 3-m fiber optic cable. Rise

f Magnetic field t.me and bandwidth are slightly ieduced with
g Surface current longer fiber optic runs.
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TABLE A-1. IEST DATA FOR LIGHT EM4ITTING DIODI SIGNAL LINK

Parameter Data

System No 21

Peak pulse (20.ns (idth) for 1dI oa.put cornprt,;sion ±34 mV

Output for ±14 mVp-p In' input, 100 %4H/ ± 310 mV1 Detector oltage 285 V

Detector .Lirrlt 150 A

Hi lt ine (10 to jr%) 1 .2 d1 i,in 1-(l (onipliesqnon le% M, 2 4 n5

handwidth ppvtr Inut (0 dO down) for -,t'r, oi wa, t(, peak 1"i5 .Ml/
%alue 3 dil Ilov 1 11 co.nn r%sob n lrmel for puil sv,

Dvnarin range for 100t.MH, sine 33 dB

Light emitting siode bia> 1 08 V acro., 20 V .!'u.t-

ter it'vsi.tor

Calibrator le'eI ±10 mlV referenc'ed to
50.Q unbaldrn.ed input

A-3. DATA ACQUISITION controller, the merged waveform may be
displayed on the computer display terminal.

The modern replacement for the A hard copy is available on request. Con-
oscilloscope and camera arrangement is the tinuous data records that represent each data
transient digitizer. The signal arriving from shot are stored on the CP-112 floppy disc for
the transmission media is routed to one or off-line analyss.
more Tektronix R7912 transient digitizers.
Multiple digitizers are required since the in-
put signal for analysis must be digitized into
more coordinate pairs than any one digitizer
can handle. What is conventionally done is to A4. CALIBRATION
allow transient digitizer No. 1 to digitize at
the faster sweep speed, such as 20 ns/division. All test equipment that requires
The second digitizer is set for a slower speed, periodic calibration will be calibrated at the

A usually five times the previous sweep, or 100 factory. The functioning of other equipment
ns/division. The digital outputs from each such as probes and optical data links will be
transient digitizer can be merged via con- checked at the beginning of each da, The
puter software in the Tektronix CP-4165 con- primary items to be checked are gain, i ,-
troller to form a composite waveform. As width, and common mode rejrc'tion ratio j or
each data shot is processed in the CP-4165 different voltage probes).

k
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APPENDIX B

B-1. GENERAL TEST PROCEDURES B-2. HARNESS LAYOUTS AND MONITOR
POINTS

(i) For the XM-1 tank. upon starting a

new set of measurements with a particular The harness layout diagrams (fig. B-1 to

probe and fiber optic 3ystem, measu-e the B-19) show all critical subsystems associated

noise Disconnect the probe from the monitor with particular harnesses of interest. These

point. (If a breakout box is used, leave the diagrams are used for EMP testing to show the

probe in the box with the top fastened) subsystems that will be artificially current in-
Measure any pickup on the probe or the data jected Those subsystems are indicated by

link. diagonal lines A circle with a "D" indicates a

particular harness branch to be current in-
(2) Unless otherwise directed, reverse jected The arrow indicates the orientation of

the probe for all measurements (both current a reference current probe that is used to
and voltage). measure the actual response to a simulated

(3) On the fastest sweep speed EMP

oscillograph, ensure that at least one division
of flat baseline precedes the leading edge of
the waveform

The multiport current injector can
(4) Use sweep speeds of 10 and 100 drive up to six cables si nultaneously with a

nsldivision to siart Adjust them afterwards as damped sine wave of approximatelf 20 MHz

necessary. The output amplitude current coupled to a

cable is adjustable in the approximate range
(5) Document all upsets and failures of 1 to 100 A

(6) Describe each test setup in detail.

(7) Provide field monitor data to

describe EMP waveforms and show re-

peatability B-3. BREAKOUT BOX PREPARATION

(8) Describe in detail all checks of the (1) Using the information contained in
XM-1 system and its subsystems section P-2. place current and voltage probes

on the proper terminals.
(9) Record all inspections and check

significant data (2) Where there is more than one

) P p ebreakout box per harness, always have a box
(10) Photograph each test coniigura- ready so that when one box is finished being

tion used you can immediately replace it.

A
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Figure B-i. Current injection of computer elec-
tronics unit (C.E.U.) of primary weapons system
showing harnesses 1W204 and 1W205.
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~1 Figure 3-2. Current injection of computer elec-
tronics unit (C.E.U.) of primary weapons system
showing harness 1W202.
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Figure B-3. Current injection of computer elec-
tronics unit (C.E.U.) of primary weapons system
showing harness 1W201.
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Figure B-5. Current injection of laser rangefinder
of primary weapons system showing harness
1 W203.
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Figure 0-6. Current injection of image control
unit of night vision system showing harness

a,: 1W209.

28



APPENDIX B

11111010

FP3- X

i GM J3001E

tW202 THERM 90M
a ILECIHIDIW0

7 0M t5 3 2P 4 1 1 M1 3 0 1 1

D t61"-THEWM

11010 CAUN0111152

(D) CAKE NO 51.Box Is

()CAKE NO 27,11 iWXi

CABLETI 480 369

Figure 8-7. Current injection of thermal elec-
tronics unit of night vision system showing
harnesses 1W208, 1W209, and 1W210.

JO J2

- ILILIMIT

J IM63010

"*3'00

'1NOTES i

(04 CAS1118027.810111

Figure 0-8. Current injection of thermal receiver
unit of night vision system showing harnesses
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figure B-9. Current injection of fire sensor of fire

extinguisher system showing harness 2W160.
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Figure B-11. Current injection of fire extinguisher
amplifier of fire extinguisher system showing
harness 2W111.
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electronics unit of primary weapons system
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showing harnesses 1W206 and 1W207.

B-4. FIELD ILLUMINATION USING REPS B-5. FIELD ILLUMINATION USING VEMPS

(1) Using the Repetitive Electro- (1) Monitor the vertical component of
magnetic Pulse Simulator (REPS), measure all the electric field (E,) and the azimuthal tom-

components of the field from a point on the ponent of the magnetic field (H) at a radial
center line at a ground range of 25 m from the distance of 25 m from the Vertical Elec-
pulser. Repeat measurements of the horizon tromagnetic Pulse Simulator(VEMPS). Repeat
tal component of the magnetic field (H') measurements of Ev every 20 min to assure
every 20 mm to assure adequate repeatabili- adequate repeatability.
ty

(2) Place the tank (center) on tne
center line of the simulator, 25 m from the (2) Place the tank (center) 25 m from
base of the pulser, with the long axis parallel the VEMPS with the long axis and the gun bar-
to the wire cage of the antenna. rel along the radial coordinate. The barrel

should face the VEMPS.
(3) Take diagnostic measurements in

sequence according to the monitor point list
to be provided. Measure bulk sheath current,

differential voltage. Measure bulk sheath current.
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B-6. FIELD ILLUMINATION USING AESOP (8) Keeping the tank center located at
22 m, rotate the tank 180 deg. Check

(1) Use the B-dot sensor setup on the preillumination and postillumination func-
center line of the Army EMP Simulator Opera- tioning, and take data according to the
tions (AESOP) at approximately 25 m to monitor point list. Allow 10 pulses before
monitor every shot checking postillumination functioning Move

the probes from point to point during the 10
(2) Place the tank (center) on the pulses. Measure individual wire currents and

center line of the AESOP 50 m from the base differential voltage.
of the pulser with the long axis parallel to the
wire cage. During all illuminations at the (9) Keeping the tank in the same
AESOP, ensure that the system is in the silent orientation, trail out 50 ft (15 m) of com-
watch mode munication cable from the tank parallel to

the antenna Repeat direction (8).
(3) Check preillumination and postil-

lumination functioning, and take data ac-
cording to the monitor point list Allow 10 B-7. DETERMINATION OF CURRENT IN-
pulses before checking postillumination func- JECTION STRESS LEVELS
tioning Move the probes from point to point
during the 10 pulses. Measure individual wire The stress levels (sheath current-IST)
currents and differential voltage, to be ued during the current injection testing

are obtained by using the sheath current
(4) Keeping the tank center located at diagnostic data obtained from simulator il-

50 m, rotate the tank 180 deg. Check lumination of the tank, electromagnetic scale
preillumination and postillumination func- modeling, and confidence factors The for-
tioning, and take data according to the mula used for computing the stress levels is
monitor point list. Allow 10 pulses before
checking postillumination functioning Move
the probes from point to point durinig the 10
pulses Measure individual wire currents and IS = CFKIK2 Ia"
differential voltage

where
(5) Keeping the tank in the same

orientation, trail out 50 ft (15 m) of com- Ct =confidence factor (table B-i),
munication cable from the tank parallel to
the antenna. Repeat direction (4) K, = peak amplitude scale factor (e.g.,

50 kV/m/5 kV/m),
(6) Place the tank (center) on the

center line of the simulator, 22 m from the K2 
= angle of incidence extrapolation

base of the pulser., with the long axis parallel factor (from scale modeling),
to the wire cage

I(a = current obtained by taking upper

7)Check preillumination and poti- thiee-standard-deviation point of distribution'4lumination functioning, and take data ac- of all measured sheath currents.
cording to the monitor point list. Allow 10

pulses before checking postillumination func
tioning Move the probes trom point to point Time would not allow the sheath currents on
during the 10 pulses Measure individual wire all the harnesses to be measured in sufficient
currents and differential voltage detail to ascertain the current as a function of
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APPENDIX B

position on a complex harness Even if this in- (5) Move to the next stress level, and
formation were available, its value would be repeat the monitor point measurements over
mostly academic since the array of current in- the period of 10 shots. The stress levels are
jector sources needed to reproduce this cur- given in table B-1 for the various classes of
rent distribution would be prohibitively large. systems
Consequently, we are defining KK 213o to be
the threat current for the ensemble of tank (6) After each stress level is corn-
harnesses. For all tests, it should represent a pleted (10 shots at each level), repeat the
reasonable worst case, but should not include functional check.
data points that are far out on the skirt of the
distribution. These points will be handled, if
necessary, as special cases

II

B-8. CURRENT INJECTION TEST PRO- TABLE B-1. SHEATH CURRENT STRESS LEVELS
CEDURES

Class I Class II Class III Class IV
During current injection testing, the -CI -20 dm) (CIF - 16 d3) (CIF - 10 dE) (CIF - 6 do)

system will be operated in both the static and I x threat 1 x threat 1 x threat 1 x threat
the silent watch modes 2 x threat 2 x threat 2 x threat 2 x threat

4 x threat 4 x threat 3 x threat
10 x threat 6 x threat

(1) Set up current injectors and cur-
rent probes on the harness as shown on the Note CIf = confidence improvement factor

appropriate harness sheet

(2) Functionally check all subsystems
associated with the harness to be tested

(3) Inject a current level (peak to peak
amplitude) on the harness of approximately B-9. UPSET CONTINGENCY PLAN
1 x threat level. This is a single shot from

the driver.
Check the functioning on all sub-

( o o w c tsystems associated with the harness If any
dfi(4) Move to other wire current and performance degradation is observed for any
differential voltage monitor points in the subsystem, isolate the fault to individual cir-
breakout box before pulsing again at the cuit boards. Replace the defective board withsame level.* Use 10 single shots at each level known good units if these are avaiable, and
so that all monitor points will be attained in follow checkout procedures for the sub-the period of 10shotstsystem that failed. When the subsystem in

question is functioning properly, subject the
harness (if during AESOP testing, the whole

*if after attempting to make six voltage or vehicle) to another 10 pulses. After them,
current measurements you find the signals still repeat the checkout procedures If failures
buried in the noise, the test engineer may occur again, isolate them to individual circuit
decide to wait for the next stress level before boards, and terminate the test on that sub-
attempting to make more diagnostic system Initiate a full failure and EMP
measurements. analysis
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